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Mapping of proximal enamel thickness
in permanent teeth
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Abstract

Aim: Knowledge of enamel thickness is relevant to perform stripping during orthodontic treatment.
Thus, proximal enamel measurements of human permanent teeth were compared in this study.
Methods: The measurements were previously obtained on cut sections of mandibular central (n
= 30) and lateral (n = 30) incisors, canines (n = 20), first (n = 40) and second (n = 40) premolars;
maxillary central (n = 20) and lateral (n = 20) incisors, canines (n = 20), first (n = 40) and second
(n = 42) premolars. Comparisons between thicknesses by arch side and proximal surface were
carried out using Student’s t-tests (α = 0.05). Teeth were compared according to the mesial and
distal thicknesses by ANOVA and Tukey’s test. Results: No significant differences were found
between right and left teeth. For the mesial surface, the mandibular second premolar presented
the highest mean value (1.376 mm ± 0.198; p<0.001). The mandibular central incisor had the
smallest thickness in relation to the other teeth (0.675 mm ± 0.144), although not significant
compared with the mandibular lateral incisor and canine (0.734-0.781 mm). The mandibular
second premolar also presented the higher distal thickness in relation to the others (1.450 mm ±
0.172), although not significant compared with the maxillary first premolar (1.322 mm ± 0.195).
Mandibular incisors had the lowest means for distal thickness (0.872-0.879 mm), although not
statistically different compared with maxillary incisors and mandibular canine (1.002-1.015 mm).
Distal thickness was greater than mesial (p<0.001). Conclusions: Interproximal stripping should
be less marked in incisors and mesial surfaces.
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Introduction

Several treatment options for mild to moderate tooth crowding are available
in Orthodontics and, after diagnosis and clinical planning, one suitable alternative
is the indication of interproximal stripping in permanent teeth1-9. Stripping has
long been indicated in cases of tooth-size discrepancy to avoid extractions, reshape
tooth morphology and create contact surfaces, which would improve posttreatment
stability4,6-7,10. Some authors even advocate enamel removal and dentin exposure
in selected patients7. However, it is generally recommended that only half of the
proximal enamel layer should be removed, yet without registration of quantitative
data related to enamel thickness11-13.

In spite of the well-documented applicability of interproximal stripping1-18,
professionals who are willing to practice this option should be aware of the enamel
thickness estimates for the most frequently eligible teeth. There are many studies
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with distinct methodological approaches and for determined
teeth3,5,8-9,19-21. An experimental study in 1973 succeeded in
mapping the enamel and dentin thicknesses of different tooth
groups by microscopy19. However, since then, there is lack
of complete studies on this subject. Thus, the aim of the
present study was to comparatively assess proximal enamel
thicknesses of human incisors, canines and premolars.

Material and methods

Before the beginning of the study, the research protocol
was approved by an Ethical Institutional Review Board under
the protocol #13525722, in compliance with the Helsinki
Declaration.

Data collection
Mapping of enamel thickness was based on analysis of

primary data obtained from experimental studies conducted
on sound human teeth from tooth banks 8-9. The teeth
previously analyzed were as follows: Mandibular right central
incisor (n = 15), Mandibular left central incisor (n = 15),
Mandibular right lateral incisor (n = 15), Mandibular left
lateral incisor (n = 15), Mandibular right canine (n = 10),
Mandibular left canine (n = 10), Mandibular right first
premolar (n = 20), Mandibular left first premolar (n = 20),
Mandibular right second premolar (n = 20), Mandibular
left second premolar (n = 20), Maxillary right central incisor
(n = 10), Maxillary left central incisor (n = 10), Maxillary
right lateral incisor (n = 10), Maxillary left lateral incisor
(n = 10), Maxillary right canine (n = 10), Maxillary left canine
(n = 10), Maxillary right first premolar (n = 20), Maxillary
left first premolar (n = 20), Maxillary right second premolar (n
= 22) and Maxillary left second premolar (n = 20).

Previous experimental procedures
To estimate the proximal enamel thickness, the teeth

were placed in plastic flasks using utility wax and then
embedded in orthophthalic resin (ARAZYN 1.0; Redelease®,
São Paulo, SP, Brazil). The specimens were removed from
the flasks and two points were marked in the resin surface
(one incisal/occlusal and another apical), which served as
reference to trace the long axis of the block. Subsequently,
the specimens were positioned in a low-speed saw Lab Cut
1010 (Extec® Corp., Enfield, NH, USA), so as the tooth long
axis and contact surfaces coincided with the cutting plane of
the diamond disc (Diamond Wafering - 12205 4" x 0.012 x 0.5;
Extec® Corp.), with the incisal or occlusal aspect turned toward
the operator8-9. With the aid of the micrometer in the saw, pre-
established cuts were made for achievement of central sections
with thickness ranging from 0.7 mm to 1 mm, of proximal
contact aspects. The specimens were trimmed under water
cooling to avoid fractures and loss of enamel components.

After obtaining the central section of the specimens, a
trained operator performed the measurements of enamel
thickness on the proximal surfaces using a perfilometer Profile
Projector® PJ 300 (Mitutoyo®, Kawasaki, Japan) with
thousandth precision. Tooth sections were manipulated to

allow standardization of measurements by alignment of
Cartesian axes (X and Y) of the perfilometer with the tooth
long axis. The Y axis was mesially displaced up to the most
external enamel point, determining the “point A”. The
perfilometer’s caliper was then zeroed and parallelly displaced
up to the most external dentin point, achieving the “point
B”. In this way, the mesial enamel thickness was read and
expressed in thousandths of millimeters. For achieving of
measurements on the distal aspect, the Y axis was displaced
to the most external dentin point, achieving the “point C”.
Then, it was parallelly displaced to the most external enamel
point on the distal surface, named “point D”, estimating the
enamel thickness on this surface.

Statistical analyses
Means and standard deviations of proximal enamel

thickness measured on the perfilometer were calculated. Data
on the enamel thicknesses on proximal surfaces of right and
left teeth were compared by the unpaired student’s t-test. The
mesial and distal thickness measurements were compared by
analysis of variance (ANOVA) considering the tooth, side of
dental arch and proximal surface as main factors and the double
interactions between them. Since significant interaction was
observed between tooth and thickness (p = 0.030), mesial and
distal measurements were compared for each type of tooth by
the paired Student’s t-test. Subsequently, the enamel thickness
on mesial and distal surfaces of human incisors, canines and
premolars were compared by the ANOVA and Tukey’s test.
The analyses were performed at a significance level of 5%,
using the statistical software MINITAB® 14 (Minitab Inc., State
College, PA, USA).

Results

Mean enamel thicknesses on mesial and distal surfaces
of right and left teeth are shown in Figure 1. Data of right
and left teeth presented similar distribution. No statistically
significant differences were found between right and left teeth
(Table 1). Therefore, the analyses progressed considering the
mean enamel thicknesses of right and left teeth, for both
mesial and distal surfaces.

Figure 2 presents the mapping of proximal enamel

Fig. 1. Mean mesial and distal enamel thicknesses for right and left teeth (Central
Incisor: C-I, Lateral Incisor: L-I, Canine: C, First Premolar: FP, Second Premolar: SP).

Mapping of proximal enamel thickness in permanent teeth
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Teeth Mean (SD)* Mesial Thickness**

Mandibular Second Premolar (n = 40) 1.376 (0.198) A

Maxillary First Premolar (n = 40) 1.220 (0.173) B

Maxillary Second Premolar (n = 42) 1.101 (0.176) C

Mandibular First Premolar (n = 40) 1.051 (0.166) C

Maxillary Canine (n = 20) 1.027 (0.126) C

Maxillary Lateral Incisor (n = 20) 0.860 (0.129) D

Maxillary Central Incisor (n = 20) 0.854 (0.174) D

Mandibular Canine (n = 20) 0.781 (0.106) DE

Mandibular Lateral Incisor (n = 30) 0.734 (0.139) DE

Mandibular Central Incisor (n = 30) 0.675 (0.144) E

Table 2. Comparative analysis of mean values in millimeters
(mm) for the mesial enamel thicknesses according to the
studied teeth.

(*) SD: standard deviation.
(**) Means followed by the same letter in the same column are not significantly
different by the Tukey’s test at 95% confidence interval.

Teeth   Mesial Surface    Distal Surface

t-value p-value t-value p-value

Maxillary Arch
Central Incisor -1.618 0.124 -0.808 0.430

Lateral Incisor 0.109 0.914 -1.440 0.172

Canine 0.652 0.524 -0.202 0.843

First Premolar 0.072 0.943 -1.407 0.168

Second Premolar -1.222 0.230 -0.971 0.338

Mandibular Arch
Central Incisor 0.735 0.469 0.619 0.541

Lateral Incisor -0.370 0.714 -1.374 0.181

Canine -0.434 0.671 -1.064 0.301

First Premolar -0.984 0.331 -1.268 0.213

Second Premolar 0.708 0.484 0.456 0.652

Table 1. Comparative analysis of proximal enamel thickness
measurements obtained for right and left teeth.

Teeth Mean (SD)* Distal Thickness**

Mandibular Second Premolar (n = 40) 1.450 (0.172) A

Maxillary First Premolar (n = 40) 1.322 (0.195) AB

Mandibular First Premolar (n = 40) 1.266 (0.187) BC

Maxillary Canine (n = 20) 1.220 (0.145) BC

Maxillary Second Premolar (n = 42) 1.155 (0.149) CD

Maxillary Central Incisor (n = 20) 1.015 (0.173) DE

Mandibular Canine (n = 20) 1.014 (0.118) DE

Maxillary Lateral Incisor (n = 20) 1.002 (0.176) DE

Mandibular Lateral Incisor (n = 30) 0.879 (0.158) E

Mandibular Central Incisor (n = 30) 0.872 (0.276) E

Table 3. Comparative analysis of mean values in millimeters
(mm) for the distal enamel thicknesses according to the studied
teeth.

(*) SD: standard deviation.
(**) Means followed by the same letter in the same column are not significantly
different by the Tukey test at 95% Confidence Interval.

Teeth Mesial versus Distal Difference between means (mm)
                                         p-value **
Maxillary Arch
Central Incisor <0.001 0.161

Lateral Incisor <0.001 0.142

Canine <0.001 0.193

First Premolar 0.001 0.102

Second Premolar <0.001 0.054

Mandibular Arch
Central Incisor <0.001 0.197

Lateral Incisor <0.001 0.145

Canine <0.001 0.233

First Premolar <0.001 0.215

Second Premolar <0.001 0.074

Table 4. Comparative analysis of mesial and distal enamel
thicknesses.

(**) Highly significant (p<0.001).

thickness regardless of the mesial or distal surface. There
was an increasing order for enamel thicknesses on the mesial
and distal surfaces (Tables 2 and 3).

For the mesial surface, the mandibular second premolar
presented the greatest mean thickness compared with all other
teeth (p<0.05). Conversely, the mandibular central incisor
exhibited the smaller thickness in relation to the other teeth.
However, there were no statistically significant differences
between the mean mesial thickness of the mandibular central
incisor, lateral incisor and canine (Table 2). The mandibular
second premolar also exhibited greater mean distal enamel
thickness. Nevertheless, no significant difference was found
in comparison to the maxillary first premolar (Table 3). The
mandibular incisors presented the smallest means of distal
enamel thickness, yet not statistically different from the
maxillary incisors and mandibular canine (Table 3).

The average mesial enamel thickness was significantly
smaller than distal (Table 4). For most teeth, the difference
between distal and mesial thicknesses was nearly 0.1 mm,
with the smaller difference between means for the maxillary
and mandibular second premolars. However, for the
mandibular canine and first premolar the difference is up to
0.2 mm (Table 4).

Discussion

A space gain of at least 7 mm in the dental arch may be
expected by interproximal stripping1,14,16. Even though the
extent of stripping is related to the severity of tooth-size
discrepancy10-12, planning of this procedure should consider
that each tooth has different enamel thicknesses on the
proximal surfaces5,8,12,19. The results of the present study
corroborate the variation in proximal enamel thickness of
different human teeth. It should be emphasized that tooth
banks do not provide information on the age range, gender
or race of donors. However, the validity of outcomes may be
demonstrated by the absence of statistically significant
differences between mean enamel thicknesses for right and
left teeth (Table 1), thus evidencing the symmetry of
characteristics analyzed. Similarly, this kind of symmetry
was observed in a clinical study that recorded radiographic
measurements of enamel thickness of mandibular incisors3.

The enamel thickness is not significantly different
between males and females, even though male teeth are larger

Mapping of proximal enamel thickness in permanent teeth
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due to the dentin layer21-23. Based on computer-assisted
measurements of proximal enamel thickness of central and
lateral incisors, obtained on periapical radiographs of 80
patients, no gender dimorphism was observed 3. Some
authors24-25 have been concerned about the racial influence
on tooth dimensions. A study revealed that mandibular central
and lateral incisors are not significantly different between
Caucasoid and African individuals. However, the other teeth
were greater in Africans compared with Caucasians, both for
males and females25. The admixture is a marked trait in the
Brazilian population, which impairs the identification of
possible effects of factors related to race on the odontogenesis5.

Considering the data in Tables 2 and 3, as well as the
schematic presentation in Figure 2, the mandibular second
premolar had the greatest average proximal enamel
thicknesses (mesial: 1.376 mm ± 0.198, distal: 1.450 mm
± 0.172). However, the smallest mean values of proximal
enamel thickness were observed for the mandibular incisors.
According to the results of this histological study, there were
no significant differences between the mean enamel
thicknesses of mandibular incisors, for both mesial and distal
surfaces. Nevertheless, a radiographic study reported that the
mandibular lateral incisors had significantly thicker enamel
in both proximal surfaces compared with the mandibular
central incisors3. Presumably, this difference may be attributed
to the employment of distinct measuring methods.

Fig. 2. Overall distribution of mean enamel thicknesses for maxillary (Mx) and
mandibular (Md) teeth (Central Incisor: C-I, Lateral Incisor: L-I, Canine: C, First
Premolar: FP, Second Premolar: SP).

It is recommended that the amount of enamel to be
removed during interproximal stripping should vary from
0.4-0.5 mm per proximal surface17. The findings of this study,
based on measurements obtained using a highly accurate
instrument (0.001 mm), suggest that orthodontists should be
careful when interpreting that kind of clinical advice. Even
though the mandibular incisors present the highest frequency
of crowding, they also had the smallest values of proximal
enamel thickness (Tables 2 and 3, Figure 2). Therefore, removal
of 0.5 mm from the mesial surface of a mandibular central
incisor may be excessive in some cases. It would be advisable
to follow the guidelines for stripping and though limit the
interproximal reduction to 50% of the enamel thickness5,11-14.

Taking into to account the means shown in Tables 2
and 3, it was possible to suggest a chart with reference numbers
that might be used as parameters for professionals during
enamel stripping on mesial and distal surfaces. Chart 1
presents the sum of mesial and distal thicknesses for maxillary
and mandibular anterior and posterior teeth (in this case,
only premolars). These data may yield an indirect reference
of the amount of enamel to be removed and hence the
maximum achievable space. However, the values in Chart 1
should be interpreted with some caution, as they represent
only numerical data and should not be used without analyzing
the malocclusion, the patient, and each tooth individually.
For instance, in a pre-selected patient with Class I malocclusion,
showing mild anterior crowding in the mandibular arch and
having harmonious profile, the orthodontist could easily obtain
a 4.0-mm-wide space by removing half the mesial and distal
enamel of the anterior teeth.

The enamel layer was significantly thicker on the distal
surfaces of all teeth (Table 4). This is in agreement with two
radiographic studies on the enamel thickness of mandibular3

and maxillary21 incisors. The present findings also agree with
another Brazilian study that registered the dimensions of
maxillary first premolars by computer-assisted analysis of
histological sections5. In radiographic studies, the authors
observed that enamel was significantly thicker on the distal
surfaces of mandibular and maxillary central and lateral
incisors, with a mean difference of 0.1 mm3,21. The differences
between means shown in Table 4 are in agreement with
previous studies3,21. Therefore, it may be suggested that
stripping should be less marked on mesial surfaces and in
some teeth, such as the mandibular incisors.

Interproximal stripping has not been related to an
increase in the incidence of proximal caries lesions or
periodontal disease2,7,13,15,18. However, not all teeth are eligible
for interproximal stripping. Mandibular incisors with parallel
proximal surfaces should not be submitted to this procedure7.
To avoid any damage to the adjacent tissues, orthodontists
should estimate the amount of enamel removal in accurate
radiographs, since the proximal enamel thickness may vary
between and within individuals3. The use of fan-beam20 and
cone-beam8 computed tomography has also been suggested
for assessing proximal enamel thickness, whenever these
imaging modalities are needed. Moreover, after interproximal
stripping, it is useful to insert accurate thickness devices

Proximal surface Group of teeth Sum of mean enamel thicknesses
                                                                                      per hemiarch

Mesial Maxillary anterior teeth 2.741 mm

Mandibular anterior teeth 2.190 mm

Maxillary premolars 2.321 mm

Mandibular premolars 2.427 mm

Distal Maxillary anterior teeth 3.237 mm

Mandibular anterior teeth 2.765 mm

Maxillary premolars 2.477 mm

Mandibular premolars 2.716 mm

Chart 1. Sum of mean enamel thicknesses on proximal surfaces
of maxillary and mandibular anterior teeth and premolars.

484484484484484 Mapping of proximal enamel thickness in permanent teeth
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between teeth to record the magnitude of spaces and enamel
reduction5,8,15.

The described mapping indicated that mandibular second
premolars presented the greatest mean mesial thickness.
Mandibular central incisors had the smallest thickness in relation
to the other teeth, though without significant differences
compared with the mandibular lateral incisors and canines.
Mandibular second premolars also showed the greater distal
thickness, albeit without statistically significant difference from
maxillary first premolars. Mandibular incisors had the smallest
average distal thickness, but without significant differences
compared with the maxillary incisors and mandibular canines.
Distal enamel was significantly thicker than mesial.
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